The present discussion addresses the use of computer image generation technologies within the transportation field to aid both the 'design' and the 'user' communities in visualizing the essential elements of a proposed facility's 'structure' as well as its 'operation.' The primary focus is on current and future applications of these technologies and their integration within the overall notion of context sensitive design and public involvement. The discussion suggests that we are presently encountering a movement away from the visualization of what something 'looks like' and a movement toward the visualization of how something 'works' or 'operates.' This trend is one that will necessitate a much closer link between modeling and simulation approaches. The discussion also suggests the importance of applications which use visualization to help bridge the gap between our notions of design and our notions of ''value.' Such applications reflect an increased integration of design-oriented applications and planning oriented applications, such as those which incorporate the use of spatially referenced data systems (e.g., GIS) and methods used to solicit and measure user perceptions of individual preference.
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INTRODUCTION Visualization in the 'Mainstream'
Computer image generation and rapid database development technologies, once the sole domain of the military, defense, and intelligence communities, have now become 'mainstream.' Persons around the world watched nightly as news commentators used high resolution databases created from satellite imagery and other sources to portray the spatial aspects of the modern battlefield (see Figure 1 and the on-line account of ABC News Uses E&S Technology to Cover War with Iraq, at http://www.es.com/news/2003+press+archive/031903.asp According to Jeffrey W. Schneider, ABC News Vice President, "This new technology will give our viewers a heightened understanding of the geography of this region. It will be a terrific tool for ABC News to use in order to convey important information to the American People."
Visualization Within the Transportation Field
The importance of visualization is increasingly being recognized within the transportation field as an essential element of "Context Sensitive Design," (go to: http://www.fhwa.dot.gov/csd/basic.htm) and thus places visualization in the mainstream of efforts to improve the collaborative, decisiondriven aspects of transportation system planning and design.
While rapidly becoming a viable 'core' technology within the planning, system design, and public involvement fields, there is much to be learned about the effective application of visualization in its various forms. While having been the focus of major government and industry-sponsored symposia since the late 1990s, few published reports exist where the express purpose of the work has been the evaluation of visualization within actual project settings. The work by Hughes (1998) still represents one of the only attempts to evaluate the effectiveness of 3D and 4D visualization within the context of an actual project . . . in this case, the proposed redevelopment of North and South Roosevelt Boulevards in Key West Florida.
Examples of attempts to develop actual operational 'guidance' on the use of visualization remain limited to efforts within the North Carolina Department of Transportation (see Hughes, 1999) and AASHTO (2001) . Both documents can be found on the Internet at:
http://www.hsrc.unc.edu/research/visual.html and http://www.transportation.org/committee/design/doc/VisualizationReport.pdf Efforts on the part of the Florida DOT to develop a 'strategic plan' for simulation, modeling, and visualization (see reflect the recognition on the part of a growing number state many DOTs that these technologies and their integrated application are becoming increasingly important to the way in which they do business, both now and in the future.
(go to: http://www.hsrc.unc.edu/pdf/hfactors/pdf/sim4.pdf ) While these research and program development efforts remain pertinent to the application of visualization tools within the state DOT environment, technology has advanced since the late '90s. Although these 'advances' in technology have served to enhance to 'state of practice,' there continues to be lack of published efforts within the transportation community serving to position visualization within the broader conceptual context of visual simulation and modeling and the factors which govern their effective application within the decision making process.
The Legacy of Visualization in the Transportation Field
The legacy of visualization as applied within the transportation field is linked to earlier applications of computer image generation, visual simulation, visual database modeling, and computer modeling/simulation found outside the surface transportation field, per se, (e.g., in aviation . . . both commercial as well as military/defense; national security, maritime, 'gaming' and 'virtual reality,' etc).
Whereas the products of many of these early applications were characterized by low resolution graphics (in many cases, monochrome) generated by special purpose, mainframe computer systems, extremely limited scene content, and limited real time computational capabilities, today's applications are likely to be PC-driven, with real time high resolution graphics, realistic texturing and shading, and the ability to support smooth, real time, drive/fly/walk-through capabilities for simultaneous viewing from multiple viewpoints.
Within the surface transportation field itself, we have evolved from simple 2D CAD drawings to the textured display of solid 3D objects capable of being viewed in a real time, 4D (i.e., animated) environment. Our GIS systems can provide us with the 'footprint' upon which CADlike, database modeling software permit us to build detailed 3D models of the built environment. And capabilities like photo-texturing allow us to transfer photo-realistic detail to the faces of those models.
In short, we are now at the point where we can develop a highly realistic visual simulation of the environment in which 'transportation' takes place. To an increasing extent, we are also able to model individual elements of the transportation system (e.g., cars, bikes, pedestrians, etc.). However, to model the elements of the system is not synonymous with modeling the dynamic real time characteristics of the system 'at work.' . . . . visualization cannot be solely about how something 'looks,' it must also be about how it 'works.'
We have arrived at the point of assembling, in photo-realistic detail, the static elements of the transportation system. What remains now is to integrate those legacy systems that permit a simulation of its 'operation' with those capabilities which permit its real time display and evaluation. . . and to do so in a collaborative decision making environment where the 'value' of the design can be clearly communicated to the end user.
BACKGROUND
Attempts by man to create visual images of the world around him date back to pre-historic times (Eberhard, 2003) where images found in early cave dwellings often depicted animate objects (e.g., images of mammoth, bison, reindeer, horses, etc.) or figurines of fertility (aphrodites). See Figure 2 . Throughout recorded history, man has continued to create images of his environment as well as his notions of those spiritual forces believed to be in control of it. The role of visualization continues to serve as a vital link between that which is 'real' and that which is 'imagined' or 'hoped for. ' Eberhard's 2003 TRB presentation (see Eberhard, 2003 tracks the evolution of modern visualization technologies and provides a forecast of its future.
Perhaps visualization also represents a key component of traditional wisdom embodied in the statement that, 'whatever the mind of man can conceive and believe, it can achieve.' To the extent that 'to achieve' is synonymous, at least in part, with 'to build' in an engineering sense, visualization represents an important intervening step between concept and reality.
The Continuing Evolution of Visualization Within Transportation
Within the engineering realm of transportation, visualization applications have ranged from two dimensional representations (plan views) of detailed engineering designs, to artists' 'renderings' of the end products of those designs, to artists' 'concepts' of innovative approaches to current and future modes of travel. Such visual images (See Figure 3 ) enable engineering and nonengineering individuals alike to 'grasp' not only how things might 'look' (their 'form'), but also how they might actually 'operate' (their function). The latter is important, since form without function fails to adequately convey the 'dynamic' essence of the basic concept of transportation itself.
While the visualization of structures and facilities characterizes present notions of visualization within the transportation community, there is a growing recognition of the value of visualization in representing 'operations' as well as harder to grasp concepts within the areas of transportation planning, growth management, and 'smart growth.'
GENERAL DISCUSSION

Visualization: An "Integrating" Technology
While visualization work in the planning and land use area has, to date, focused mostly on two dimensional efforts to represent socio-political and economic 'boundaries,' there is a growing body of work described on-line by Michael Kwartler of the Environmental Simulation Center in New York City (line (go to: http://www.sustainable.doe.gov/toolkit/TCDDM/Kwart1.htm) that is attempting to . . . (combine) 3-D modeling with GIS, so communities can experiment with urban designs and see quantified environmental and fiscal impacts (Kwartler, Environmental Simulation Center)
The Center, a not-for-profit product of New York City's New School for Social Research, employs PC-based software that allows citizens to model various site-specific development scenarios in a manner similar to the well-known Sim-City software program. It accomplishes this by linking two and three-dimensional visual representations of places with databases and spreadsheets. These "new tools" for community design and decision making integrate 2-D mapping information from a GIS platform with fully interactive 3-D visualization, policy simulation and impact analysis modules. (Note: We are using the particular product described here and its current application as an example of trends in the use of visualization and not as an endorsement of the product itself)
These 'new tools' are about more than simply visualization of the structures involved. Visualization tools, per se, become an important means to an end and not an end product in themselves. An important component of this process is its focus on the quantification (and visualization of) environmental and fiscal impacts. Consider the images in Figure 4 from Kwartler's review.
The Environmental Simulation Center (ESC) and the Orton Family Foundation have been working with the citizens of Ascutney, Vermont to test 'CommunityViz', which is an innovative software package designed to provide citizen planners of communities like Ascutney with the tools they need for intelligent planning. The 2-D and 3-D databases have been used to model the demographic profile of the people who would want to live in a compact community, the jobs created, the savings in infrastructure operating costs, and the appearance of an expanded village center. The two examples shown here not only help citizens visualize the appearance of the before and after alternatives presented, but more importantly help them visualize, if you will, differences in the calculated road and utility infrastructure costs associated with each.
In Figures 5-7 , the author shows how two development scenarios for a neighborhood can be compared with charts measuring the relative performance of selected indicators. In this case, the bars in the graph show changes in employment, commercial building, and residential densities; job balance; and proximity of recreational areas.
These images show how a single 2D visualization of (GIS) data combined with a clear quantification of land use and socio-economic variables can provide decision makers with a powerful, visually-based aid in evaluating multi-dimensional problems associated with growth and development.
These examples represent how visualization (here, simple 2D mages) can be effectively used to visualize 'data,' if you will, versus the outward appearance of physical structures, neighborhoods, and streets. More importantly, the 'data' are directly related to core values associated with urban form and use, housing, employment, travel, energy, water, solid waste, and pollution. These are the core values upon which physical infrastructure are built.
How often has visualization been used to present proposed transportation plans to stakeholders only to have the stakeholders say, 'No'? A more intelligent approach might be to start with an attempt to achieve a consensus among stakeholders and developers about those dimensions most important to the community. The community knows best what it 'values.' The developer knows best the costs associated with different approaches. Consensus will be achieved once developers have a clear notion of what is 'important' to the community and the community has a clear notion of how different plans and approaches affect the costs associated with an end product that is consistent with those values.
Too often costly visualization support efforts are presented to the public by a project engineer who, at the end of the presentation, risks the question of, 'Well, how do you like it?" If you don't know by then, it is a probable indication that you have not involved the public in the process.
A good example of how visualization can be used in an interactive and iterative manner in reaching stakeholder consensus is shown in Figure 8 , again taken from Kwartler's presentation. The example is from Hillsborough, NJ where citizens were asked to choose form a range of possible streetscape improvements. As participants click on different design options, the images evolve into a more 'pedestrian friendly' streetscape (e.g, different street furniture and signage, landscaping, lighting, different parking arrangements, and different building placements. As part of the interactive survey process, respondents were asked if they would be open to an increase in taxes to fund the changes for which they had expressed a preference.
A similar interactive process has been used by The Research Triangle Institute. The statistical basis for the method is called 'conjoint analysis.' Conjoint analysis is a stated-preference research technique used to quantify the impact of different design or treatment attributes on respondents' perceptions of value, utility, risk, or whatever. Conjoint analysis involves a series of scenarios that represent the key characteristics of a product, a service, a design, etc. Respondents rank, rate, or choose scenarios so that their preferences for scenario characteristics can be determined. Conjoint analysis has been used extensively in the marketing research field to help with new product development and marketing decisions.
While most RTI applications of conjoint analysis have been in the health care field, the method has also been used in conjunction with RTI visualization capabilities to assist in the design of commercial motor vehicle driver interfaces. Visualization methods were used to construct high fidelity representations of alternative design configurations. Alternative configurations were presented to respondents in all possible pairs. Respondents were asked to indicate the degree of preference for a chosen alternative.
The design decision support application is simple and straightforward and results in a quantification of the respondent's or stakeholder's stated preferences. Kwartler's planning examples represent an effort not only to solicit preferences, per se, but preferences as defined in terms of the recognized underlying dimensions related to stakeholder definitions of value and/or utility.
What's different about the process described by Kwartler and the process that continues to characterize most DOT's use of visualization? Kwartler's examples are not about visualization in the sense of creating high resolution images of final products. Visualization in the examples provided above is about using images to clarify basic concepts and the community values underlying those concepts. Visualization is not used, for example, to depict what the light rail vehicle is going to 'look like,' but rather to help members of the community to conceptually 'see' how different light rail alternatives help achieve basic values like convenience, reduced travel time, reduced infrastructure cost relative to other alternatives, traveler safety, and the like. The value of a design to the user is not embodied in the physical appearance of the 'thing' as much as it is in the underlying attributes that make the thing 'valuable' to its user. The essence of this relationship lies in a well known manufacturer's slogan,
We don't make (the thing); we make (the thing) 'better' (from BASF)
It is the dimension(s) along which users judge a design to be 'better' (i.e., better as perceived by the user, not necessarily the designer) that should be the focus of visualization, and not solely the visual appeal of the project, per se. How to identify those dimensions at the outset and how to solicit public comment and reaction in such a way that reactions are consistent with the overall likelihood of public acceptance is key. How to do this is not presently contained within the formal curriculum of those being trained to enter the field of transportation engineering. How best to do that shall also be a focus of Task Force A3B58.
Visualization and Context Sensitive Design/Solutions
The movement toward context sensitive design/solutions (see: http://www.fhwa.dot.gov/csd/) embodies the philosophy of Kwartler and his colleagues, but 'without the tools.' Those who advocate CSD/CSS recognize that design is about more than the effective visualization of form and function. It is about achieving a consensus (or shared belief) about the alignment between the value of a design and the values of those for whom the design is intended. Context sensitive design (CSD) is a collaborative, interdisciplinary approach that involves all stakeholders to develop a transportation facility that fits its physical setting and preserves scenic, aesthetic, historic, and environmental resources, while maintaining safety and mobility.
Up to this point, visualization (at least how it has been conveyed in the course of the four TRB symposia) has been almost exclusively concerned with the 'scenic' and aesthetic components of this process. Preserving historic and environmental remains, for the most part, the domain of the Environmental Impact Statement (EIS), while system operation remains almost exclusively within the technical domain of traffic engineering and its reliance on microscopic simulation traffic models. The design process, even with the increased use of visualization, remains highly compartmentalized. Visualization continues to be used in most instances to present final designs to the public for its approval rather than as a basis for more effectively involving the public in those parts of the process leading up to design.
Perhaps most ironic is that while most would say that they use visualization to facilitate communication with the general public/user/stakeholder, etc. few if any make any overt effort to sample how the public relates to the proposed design along the multiple dimensions that ultimately govern their preference for the design. That sort of feedback is not the kind of feedback obtained in traditional public involvement presentations. In the typical public meeting, only those profoundly 'for' or 'against' the project voice their opinions 'for the record.'
While visualization may facilitate public involvement, improved methods need to be developed that successfully document the preferences of all who are involved, not just those who are the most outspoken. And, the feedback needs to be structured along the lines of public position on the key objectives of the design (not only the key design elements).
Technology Advancement: A Necessary but not Sufficient Condition for Effective Application
Advancements in the technologies that make visualization practical from an engineering design and public involvement standpoint while necessary are not sufficient for visualization to be an 'effective' tool. The programs of the four TRB symposia held to date attest to the rapid advancement in computer image processing technologies and their increasing affordability. One suspects that this rate of advancement will continue. But will these advances serve to further increase their effective application within the transportation field?
Too often visualization is use by those in charge of a project to ensure that the factual elements of the design are presented to the public (i.e., number of and width of lanes, presence or absence of a median, lighting, curb and gutter, sidewalks, etc. In general, state DOTs see visualization as a tool that can increase the likelihood of early public acceptance. Early public acceptance and less need for redesign and a lengthy public involvement process translate into 'reduced project costs.' While many DOTs are embracing visualization and the process of context sensitive design, it is important that one not see visualization as the sum total of that process. Visualization is a tool that can prove extremely helpful when used as part of a process of context sensitive design to facilitate the type of communication and interaction that is necessary to a successful project.
Visualization is about a 'process.' It is not just about creating high resolution images of transportation system facilities and their operation. Its effectiveness is not necessarily increased by the addition of animation or real time immersive simulation methods. Neither should one expect the effective use of visualization to increase now that information can be disseminated via the Internet. Effectiveness is not about the 'medium' but rather the 'message' and the manner in which the message is presented. It is about helping designers and end users focus 
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